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z.2013.04Abstract Vitellogenesis in Orientocreadium batrachoides, an intestinal parasite of the catﬁsh, Cla-
rias gariepinus was investigated by transmission electron microscope. Four stages of vitellocyte
development have been distinguished during vitellogenesis: (I) stem cell stage of the gonial type
(immature vitellocyte), (II) early and (III) advanced stages of maturing vitellocytes. Both early
and advanced stages of maturing vitellocytes involved the initiation of protein synthetic activity,
onset of shell globule formation and progressive fusion of single shell globules into large shell glob-
ule cluster in their cytoplasm and (IV) mature vitellocyte. Vitellocyte maturation is characterized
by: (1) an increase in cell volume, (2) extensive development of parallel cisternae of granular endo-
plasmic reticulum, (3) development of Golgi complexes and (4) a continuous development of shell
globules that fused into shell globule clusters. Mature vitelline cells are characterized by shell glob-
ule clusters, which play an important role in egg shell formation, lipid droplets and b-glycogen that
accumulated in large amounts in their cytoplasm. Single ‘‘lamellar’’ granules are present in the cyto-
plasm of the mature vitellocytes.
ª 2013 Production and hosting by Elsevier B.V. on behalf of The Egyptian German Society for Zoology.Introduction
Literature holds little information on the ultrastructural as-
pects of vitellocytes and vitellogenesis in digeneans. Most ofom (A.A. Taeleb).
Egyptian German Society for
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.001the studies have been carried out on species of economic or
medical importance such as Fasciola hepatica (Bjorkman and
Thorsell, 1963; Thorsell et al., 1966; Irwin and Threadgold,
1970; Hanna, 1976), Schistosoma mansoni (Erasmus et al.,
1982) and Paragonimus ohirai (Fukuda et al., 1983). These
studies demonstrated many intact vitellocytes (about 20–30)
enclosed within the ovum in large eggs.
It has been thought, for many years, that Mehli’s gland
provides the egg shell, whereas the vitelline gland provides
the nutrient for the developing embryo. Later the vitelline
gland has been reported to be implicated in producing the shell
materials as well. Irwin and Threadgold (1972) and Grant et al.
(1977) reported that the vitelline gland produces vitellinehe Egyptian German Society for Zoology.
Vitellogenesis in Orientocreadium batrachoides Tubangui 61globules, of which some of them are involved in shell forma-
tion and others provide nutrients for the developing embryo
within the egg. Bjorkman and Thorsell (1963) reported that
the shell globules are formed within the vitelline cells.
The role of the vitelline gland in egg-shell formation in digen-
eans has been investigated in Dicrocoelium dendriticum (Grant
et al., 1977), S. mansoni (Wells and Cordingley, 1991), Haplop-
orus benedenii (Sampour, 2006) and in the cestode Diplocotyle
olrikii (Poddubnaya et al., 2005). The ﬁne structure of the vitel-
laria was studied by Bjorkman and Thorsell (1963), Erasmus
(1973), Irwin and Magurie (1979) and Holy and Wittrock
(1986) who reported that in some primitive species of digeneans
(with extensive vitelline glands)many intact vitelline cells are en-
closed within the ovum in the large egg, whereas, in some ad-
vanced species like Microphallidae, two vitelline cells are
enclosed with the ovum during the shell formation.
The very few published ultrastructural studies on vitello-
genesis were carried out on digeneans as Gorgoderina vitelli-
loba)Irwin and Magurie, 1979), Maritrema linguilla (Hendow
and James, 1989), Haploporus lateralis (Sampour, 2008),Mari-
trema feliui (S´widerski et al., 2011), monogeneans as Metami-
crocotyla macrocauta (Baptista-Farias, 1998), cestodes as
Paraechinophallus japonicus (Levron et al., 2007) and aspido-
gastrean, as Aspidogaster limacoides (Levron et al., 2010).Fig. 1 Semi-thin section of O. batrachoides showing vitelline
follicles (VF) surrounded by parenchyma. Scale bar = 40 lm.
Fig. 2 Transmission electron micrographs of vitellaria showing
different stages of vitellogenesis. Vitelline follicles (VF) showing
vitellocytes at various stages of development. Scale bar = 10 lm.All transmission electron microscopic observations on vitel-
logenesis have recently been considered as useful criteria for
phylogenetic and evolutionary studies of the ﬂatworms
(S´widerski and Xylander, 2000; S´widerski et al., 2009). Eras-
mus (1975), Mehlhorn et al. (1981) and Shaw and Erasmus
(1988) reported that the knowledge on vitellogenesis in para-
sitic ﬂatworms may also have an important applied aspect.
The present study was conducted to describe in detail the
ultrastructural aspects of vitellogenesis in Orientocreadium
batrachoides (Digenea: Allocreadiidae), a parasite of Clarias
gariepinus in comparison with previous reports on other trem-Fig. 3 Vitelline follicles showing four consecutive stages of
vitellogenesis within the follicles: (I) immature vitellocyte, (II)
early and (III) advanced stages of maturing vitellocytes and (IV)
mature vitellocyte. Note nucleus (N), shell globules (SG) and shell
globule clusters (SGC). Scale bar = 2 lm.
Fig. 4 Vitelline follicles showing four consecutive stages of
vitellogenesis within the follicles: (I) immature vitellocyte, (II)
early and (III) advanced stages of maturing vitellocytes and (IV)
mature vitellocyte. Note nucleus (N), shell globules (SG) and shell
globule clusters (SGC). Scale bar = 2 lm.
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the vitellocyte cytodifferentiation and shell globule formation.
Materials and methods
Live adult O. batrachoides Tubangui, 1931 were collected from
the intestine of the catﬁsh, C. gariepinus caught from the River
Nile (El-riah El-tawﬁki) at Kaluobia Governorate, Egypt. Live
specimens were kept in 0.7% NaCl solution until ﬁxed in cold
(4 C) 2.5%glutaraldehyde in a 0.1 M sodium cacodylate buffer
at pH 7.4 for a minimum of 2 h., rinsed in a 0.1 M sodium cac-
odylate buffer at pH 7.4, post-ﬁxed in cold (4 C) 1% osmiumFig. 6 Immature vitellocyte of the gonial type showing a large
nucleus (N) with a prominent electron-dense nucleolus (Nu) and
several islands of heterochromatin (Hch). Granular cytoplasm
with extended proﬁles of granular endoplasmic reticulum (GER)
and few mitochondria (M). Scale bar = 500 nm.
Fig. 5 Immature vitellocytes of the gonial type showing a large
nucleus (N) with a prominent electron-dense nucleolus (Nu) and
several islands of heterochromatin (Hch). Granular cytoplasm
with extended proﬁles of granular endoplasmic reticulum (GER)
and few mitochondria (M). Scale bar = 500 nm.tetroxide in the same buffer for 1 h., rinsed in a 0.1 M sodium
cacodylate buffer at pH 7.4, then dehydrated in an ascending
series of ethanol and ﬁnally embedded in Epon resin. Ultrathin
sections (60–90 nm) were cut and stained with uranyl acetate
and lead citrate. Stained grids were examined using a JEOL
1200 Ex2-transmission electron microscope at the central labo-
ratory, Faculty of Science, Ain Shams University.
Results
Gross structure of the vitellarium
The vitellarium of mature O. batrachoides is represented by
two symmetrical columns formed of large follicles that extend
in the lateral ﬁelds from behind the acetabulum to the poster-Fig. 7 Early stage of maturing vitellocyte cytodifferentiation
showing nucleus (N) with prominent electron-dense nucleolus
(Nu), granular cytoplasm with granular endoplasmic reticulum
(GER), Golgi complex, with few membrane bounded vesicles
(GV) containing dense material of shell globule primordial and
several shell globule clusters (SGC). Scale bar = 2 lm.
Fig. 8 Early stage of maturing vitellocyte showing several large
mitochondria (M) located adjacent to nuclear membrane. Note
nucleus (N) with a prominent nucleolus (Nu). Scale
bar = 500 nm.
Fig. 10 Early stage of maturing vitellocyte showing well
developed labyrinth-like system of granular endoplasmic reticu-
lum (GER) close to the nucleus. Note numerous Golgi vesicles
(GV). Scale bar = 500 nm.
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vary in size and shape from spherical to slightly elongated and
contain consecutive stages of vitellogenesis (Fig. 1).
Ultrastructure of the vitelline follicle
Mature vitelline follicles consist of vitelline cells at different
stages of maturation, progressing from immature cells of go-
nial type situated usually near the follicle periphery to mature
vitellocytes toward the center. No interstitial or nurse cells
were detected in or around the vitelline follicles (Fig. 2). In
the present study, transmission electron micrographs of the
vitelline follicles revealed four stages of vitellocytes develop-
ment: (I) immature cell of gonial type, (II) early and (III) ad-
vanced stages of maturing vitellocytes and (IV) mature
vitellocyte (Figs. 3 and 4).
Immature cell of gonial type (stage I)
This stage includes the undifferentiated cells of gonial type
which are located at the periphery of the follicles (Figs. 3
and 4). Cells are irregular in shape with a high nucleo-cytoplas-
mic ratio (Fig. 5). The large nuclei contain a centrally located
prominent spherical nucleoli and numerous heterochromatin
randomly dispersed in the nucleoplasm. The granular cyto-
plasm contains a large concentration of free ribosomes, few
mitochondria with distinct cristae and individual short proﬁles
of sparse granular endoplasmic reticulum (GER) (Figs. 5 and
6). Immature vitelline cells lack the characteristic shell
globules.
Early stage of maturing vitellocyte (stage II)
This stage is characterized by an increase in cell size accompa-
nied by cytodifferentiation of cytoplasmic organelles involved
in synthesis, transport and packaging of secretory products
such as granular endoplasmic reticulum, mitochondria and
Golgi complexes (Figs. 7 and 8). At the onset of maturation,
there is an extensive development of GER that forms a laby-
rinth which occupies the entire cytoplasm. The GER is in close
contact with numerous vesicles of the Golgi complex that en-Fig. 9 Early stage of maturing vitellocyte showing well devel-
oped labyrinth-like system of granular endoplasmic reticulum
(GER) close to the nucleus. Note numerous Golgi vesicles (GV).
Scale bar = 500 nm.close dense material which probably forms the shell globules
(Figs. 9 and 10). Mitochondria with distinct cristae are seen
dispersed in the cytoplasm (Fig. 8). TEM revealed different
stages of formation of shell globules. The smallest individual
shell globules were observed in the GER, these seem to be
packaged as small globules within the membrane-bound Golgi
vesicles situated close to the GER (Figs. 9–11). The consecu-
tive stages of development involved the transformation of
the shell globule from very small dispersed spherical granules
of Golgi origin to large electron dense clusters by the progres-
sive increase of the number of electron-dense vesicles into shell
globule clusters (Figs. 11 and 12). Each cluster is composed of
numerous loosely packed electron-dense globules of various
sizes embedded in a moderately electron-lucent matrix (Figs.
7 and 12). This cell type also possesses a moderately large nu-
cleus with a prominent nucleolus and irregular clumps of het-
erochromatin (Fig. 7).Fig. 11 Early stage of maturing vitellocyte showing consecutive
stages of shell material packaged within Golgi vesicles (GV) and
their fusion into shell globule clusters (SGC) (arrows). Scale
bar = 500 nm.
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This stage of vitellocyte development is characterized by an in-
crease in the cytoplasm volume and number of shell globules
that are distributed throughout most of the cell (Figs. 13 and
14). A very active protein synthesis and shell globules forma-
tion is well illustrated (Figs. 14–16). Shell globule clusters are
formed by the accumulation of single shell globules of various
sizes (Figs. 14 and 15). The advanced vitellocytes contain a
small nucleus and a cytoplasm with large clusters of shellFig. 14 Advanced stage of maturing vitellocyte showing gran-
ular endoplasmic reticulum (GER), enlarged membrane-bound
Golgi vesicles (GV) containing moderately dense shell globules of
different sizes and b-glycogen particles (Gl). Note the consecutive
stages of shell globule (SG) formation and their fusion into large
shell globule clusters (SGC) and nucleus (N) with a prominent
nucleolus (Nu). Scale bar = 500 nm.
Fig. 15 Advanced stage of maturing vitellocyte showing gran-
ular endoplasmic reticulum (GER), enlarged membrane-bound
Golgi vesicles (GV) containing moderately dense shell globules of
different sizes and b-glycogen particles (Gl). Note the consecutive
stages of shell globule (SG) formation and their fusion into large
shell globule clusters (SGC) and nucleus (N) with a prominent
nucleolus (Nu). Scale bar = 500 nm.
Fig. 13 Advanced stage of maturing vitellocyte showing increase
in the development of shell globule clusters (SGC), small central
nucleus (N) and Golgi vesicles (GV). Scale bar = 2 lm.
Fig. 12 Early stage of maturing vitellocyte showing numerous
large, electron- dense shell globule clusters (SGC) which originate
from the fusion of individual shell globules (SG), granular
endoplasmic reticulum (GER) and nucleus (N). Scale
bar = 500 nm.
Fig. 18 Peripheral cytoplasm of mature vitellocyte showing
numerous large shell globule clusters (SGC), granular endoplasmic
reticulum (GER) and lipid droplets (L) associated with b-glycogen
(Gl). Scale bar = 500 nm.
Fig. 19 Mature vitellocyte showing electron opaque bodies with
lamellar appearance (arrowheads) associated with glycogen par-
ticles (Gl). Scale bar = 500 nm.
Fig. 16 Advanced stage of maturing vitellocyte showing gran-
ular endoplasmic reticulum (GER), enlarged membrane-bound
Golgi vesicles (GV) containing moderately dense shell globules of
different sizes and b-glycogen particles (Gl). Note the consecutive
stages of shell globule (SG) formation and their fusion into large
shell globule clusters (SGC) and nucleus (N) with a prominent
nucleolus (Nu). Scale bar = 500 nm.
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(Figs. 15 and 16).
Mature vitellocyte (stage IV)
Mature vitellocytes are large cells with cytoplasm packed with
numerous shell globule clusters, each containing a great num-
ber of individual densely packed shell globules. The cytoplasm
is also ﬁlled with numerous electron-dense lipid droplets, b-
glycogen particles and granular endoplasmic reticulum. Nuclei
were not observed in any of the examined mature vitellocytes
(Figs. 17 and 18). A membrane-bound opaque body with con-
centric lamella is seen in the cytoplasm of the mature vitello-
cyte (Fig. 19).Fig. 17 Mature vitellocyte showing an accumulation of numer-
ous shell globule clusters (SGC), each containing a great number
of individually packed shell globules. Scale bar = 2 lm.Discussion
The vitellogenesis pattern and the ultrastructure of mature
vitellocyte in O. batrachoides resemble to a great extent that
described for schistosomes (Erasmus et al., 1982), Halipegus
eccentricus (Holy and Wittrock, 1986), M. linguilla (Hendow
and James, 1989), D. dendriticum (Martinez-Alos et al.,
1993), H. lateralis (Sampour, 2008) and M. feliui (S´widerski
et al., 2011).
In the present study, four stages of vitellocyte maturation
were observed namely: immature, early and advanced stages
of maturing vitellocytes and mature vitellocyte. This corre-
sponds to that reported in H. eccentricus (Holy and Wittrock,
1986), D. dendriticum (Martinez-Alos et al., 1993) andM. feliui
(S´widerski et al., 2011). Sampour (2008) reported on three
stages of vitellocyte maturation in H. lateralis including imma-
ture, maturing and mature cells and reported that differentia-
tion of immature vitelline cells into maturing cells involved an
increase in the volume and density of the cytoplasm, develop-
ment of abundant GER, Golgi complex and the production of
dense shell globules. These stages of development although de-
scribed as three major stages, yet agree with the present ﬁnd-
ings on O. batrachoides in the detailed stages of
differentiation and maturation of the vitellocytes.
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accumulation of shell globule clusters were observed in mature
vitellocytes of O. batrachoides, whereas the nuclei disappear.
This ﬁnding was also described in mature vitellocytes ofM. lin-
guilla (Hendow and James, 1989), M. feliui (S´widerski et al.,
2011) and in the monozoic cestodes, Amphilina foliacea
(Xylander, 1987, 1988). On the other hand, in H. lateralis
the mature vitelline cells were reported to possess cytoplasm
with healthy nuclei.
Shell globule clusters in the vitellocytes of O. batrachoides
consist of loosely packed electron-dense shell globules of irreg-
ular size situated in a moderately electron-lucent matrix. Such
an arrangement of shell globules was described in the most
primitive cestodes such as Gyrocotylidea, Amphilinidea and
Tetraphyllideans (S´widerski and Mokhtar, 1974; Mokhtar-
Maamouri and S´widerski, 1976; S´widerski and Mackiewicz,
1976; Xylander, 1987, 1988; Korneva, 2001; Poddubnaya,
2003; Poddubnaya et al., 2003; S´widerski et al., 2004a,b; Bru-
nanska et al., 2005).
Irwin and Threadgold (1970), Hanna (1976) and Holy and
Wittrock (1986) pointed out that the shell protein is apparently
produced by the rough endoplasmic reticulum and packed
within the Golgi complex, where they are condensed into small
bodies, coalesce and increase in size (Hendow and James,
1989).
The present study revealed that the vitelline glands in O.
batrachoides are not surrounded by interstitial or nurse cells.
Hendow and James (1989) suggested that the nutritive material
needed for the development and maturation of vitellocytes is
probably supplied by the ramiﬁed processes of glycogen-rich
parenchyma which surrounds the entire vitellarium.
The vitellocytes of O. batrachoides contain glycogen parti-
cles in the form of a single b-glycogen suitable for short-period
storage. The present results are similar to that found in schis-
tosomes (Erasmus et al., 1982), M. linguilla (Hendow and
James, 1989), M. feliui (S´widerski et al., 2011) and some lower
cestodes (S´widerski and Xylander, 2000). Variations have been
reported with regard to ultrastructural aspects of the glycogen
reserves in the mature vitellocytes of the most frequently exam-
ined trematode species. The results in the present study are in
contrast to that of F. hepatica that exhibit a heavy concentra-
tion of glycogen reserve (Bjorkman and Thorsell, 1963; Thor-
sell et al., 1966; Irwin and Threadgold, 1970; Hanna, 1976).
S´widerski and Mackiewicz (1976) and S´widerski et al.
(2004b, 2009) reported that the glycogen in F. hepatica is accu-
mulated in two forms, a-glycogen rosettes and single b-glyco-
gen particles.
The vitellogenesis pattern and ultrastructure of mature
vitellocytes in O. batrachoides resemble to some extent those
reported for lower cestodes, gyrocotylideans (Xylander,
1987), amphilinideans (Xylander, 1988), bothriocephalideans
(S´widerski and Mokhtar, 1974; Levron et al., 2007); and spath-
ebothriideans (Brunanska et al., 2005; Poddubnaya et al.,
2005, 2006). These species have vitellocytes with a heavy accu-
mulation of shell globule clusters and lipid droplets, but gener-
ally, much smaller amounts of glycogen than in trematodes.
Vitellocytes of O. batrachoides differ greatly from those of
caryophyllideans, that are characterized by a heavy accumula-
tion of a-glycogen rosettes and b-glycogen particles, not only
in their cytoplasm but also throughout much of their nucleo-
plasm (S´widerski and Mackiewicz, 1976; Brunanska et al.,
2009; S´widerski et al., 2004b, 2009).In O. batrachoides, electron-dense lipid droplets are pres-
ent only in mature vitellocytes, this is similar to those ob-
served in M. linguilla (Hendow and James, 1989), M. feliui
(S´widerski et al., 2011), D. olrikii (Brunanska et al., 2005)
and P. japonicus (Levron et al., 2007). S´widerski and Xyland-
er (1998) reported that lipid droplets and glycogen serve as
nutritive reserves for the future embryo. Smyth and Halton
(1983) noted that lipids represent a highly diverse and heter-
ogeneous variety of cellular functions. They are generally
considered as important energy reserves, although this may
not be the case for all trematodes.
The membrane-bound opaque body with concentric lamella
observed in mature vitelline cells of O. batrachoides is similar
to the concentric lamellar conﬁguration reported in the vitello-
cytes of monogeneans (Halton et al., 1974) and digeneans (Ir-
win and Threadgold, 1970; Colhoun et al., 1998) as yolk
globules or membrane-bound areas of concentric granular
endoplasmic reticulum and glycogen.References
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